The work reported in this paper was undertaken with the following objects in view: (a) Correlation of the various factors entering into the physiology of circulation under varying conditions; (b) comparison of the circulatory responses of certain pathologic individuals with those obtained in normal subjects.
The work includes simultaneous measurements of blood flow, rate of ventilation, metabolic rate, pulse rate, pulse pressure, cardiac out-put per systole, vital capacity, tension of carbon dioxide in alveolar air, and tension of carbon dioxide in arterial and mixed venous blood with changes of position. Observations have already been made on most, if not all, of these factors individually for the normal subject, but there have been no reports in which simultaneous observations on all of these several factors have been made. The first work on variations in blood flow caused by changes of posture seems to have been done by Lindhard (1) in 1913 . No further data on this subject were collected until Field and Bock (2) in 1925 reported a series of observations on blood flow in normal subjects in three positions in which they showed that there was a diminution of blood flow in the sitting or standing posture as compared with the recumbent position.
The variations in ventilation with changes in position were clearly noted by Liljestrand (3) in 1913.
Changes in metabolic rate with shifts in position have already been
The fall in the tension of carbon dioxide in alveolar air has been noted and described by Higgins (13) who found the tension progressively diminished in changing from the recumbent to the sitting and from the sitting to the standing positions, respectively. This, along with a drop in the tension of carbon dioxide in mixed venous blood and an increase in difference between arterial and venous carbon dioxide tension, has for some time been observed by Bock and his co-workers.
Turner (5) has further confirmed these findings.
METHOD
All of the observations in this series were made on subjects who had had iio breakfast and who had been lying flat in bed with two small pillows for twenty to thirty minutes. The initial observations were made in all cases with the subject in the recumbent posture, 614 usually in the following order: ventilation rate on a calibrated spirometer, circulation experiment proper (i.e., tension of carbon dioxide in alveolar air and tension of carbon dioxide in mixed venous air samples), blood pressure with the anm in the horizontal position, and finally the vital capacity. The subject then sat in a straight backed chair and the previous observations were repeated. Finally the standing posture was assumed and a third series of observations was made. The patient with exophthalmic goitre was so sick that we were forced to allow him to support himself partially by resting his hands on the back of a chair. With this exception, all of the subjects stood quietly without any support. On one subject (Miss S. P.) we made a fourth set of observations, viz., in the prone position following the standing observations and after a rest period, the experiment was repeated in the recumbent posture. The agreement with the first set of observations was well within the limits of experimental error. Consequently it did not seem to us that the order in which these sets of observations were made was of any material importance. We have followed essentially the same details in blood flow determinations as those described by Field and Bock in their first paper on this subject. In brief, this consisted in obtaining four alveolar air samples at the end of expiration and four mixed venous air samples simultaneously, the subject being allowed to breathe in and out of the bag (which contained approximately 6 per cent of carbon dioxide and 94 per cent of oxygen) for periods of 10 to 15 seconds. Following or preceding this, the rate of ventilation was measured by means of a calibrated spirometer. In a few instances we did not change the air in the bag for each set of observations and in these cases we found the results to agree with those in which the air was changed for each position. However, we feel that the latter method is less open to error. Tables 1 and 2 may be considered together, as the latter summarizes the important data of the former. The striking finding is the lack of agreement between the metabolic rate and the blood flow, the former showing an increase in every instance but one, the latter a decrease in all but two with the assumption of the sitting or standing The only explanation which we have to offer for this divergence between metabolic rate and blood flow in different postures is that the effect of gravity, slowing the circulation rate, may be greater than the tendency for an elevated metabolism to increase it. In exercise this is not the case, since the circulation rate readily keeps pace with the increase in metabolism because the effect of gravity is eliminated as a result of muscular action.
RESULTS OF EXPERIMENTS
Another point to be mentioned is the presence of hyperventilation in untrained subjects. This is best demonstrated in the case of Miss V. J. P., by the high ventilation rate, the high respiratory quotients (over 1.00 in lying and sitting positions) and the very low tension of carbon dioxide in alveolar air in the presence of a normal pulse rate. Hyperventilation does not seem to have affected the blood flow in this case, as the figures are about those which we should have expected in an individual of her size. Hyperventilation is a familiar phenomenon in untrained subjects. 1DuBois (14) speaks of it at some length in his book, "Basal Metabolism in Health and Disease," and it has also been observed by Peters and Barr (15).
Pearce's (16) explanation of hyperventilation as a compensatory mechanism in conditions in which the blood flow is unable to keep pace with the metabolism does not seem to apply in these cases. Tables 3 and 4 deal entirely with pathologic subjects, of whom there are four groups-convalescent, cardiac, hyperthyroid and myxedematous patients.
The group of convalescent patients were all post-operative and had been out of bed for only a few days. Two of these had been in bed seventeen days, one twenty-three days, and another eight days.
It will be noted that there was a very great rise in ventilation rate (nearly fifty per cent) on changing from lying to sitting or standing posture. However, it should be recalled that these subjects were not trained and there was necessarily a definite element of excitement present. This manifested itself particularly in hyperventilation which was present in two of the cases, being greatest in C. F. W. W. The pulse rate, also, was affected to a much greater extent by posture than in normal individuals. This is to be expected in subjects who were in the unstable condition of convalescence. The changes in vital capacity were not so great as in normal subjects. It is of interest that the blood flow in this group diminished only about one-half as much as in our normal subjects with the same postural changes. In other words, a reduction in blood' flow on sitting or standing seems to be a characteristic of the normal healthy individual more particularly than of the unstable convalescent. If future work confirms this finding, the changes found in normal subjects suggest a possible compensatory mechanism not yet reestablished in the convalescent subject. It might be mentioned here that certain athletes show the same changes in blood flow as non-athletic subjects do. This was demonstrated very well by C. D., a winner in eight out of eighteen Marathon races. He showed a The one subject with rheumatic heart disease with mitral stenosis and aortic regurgitation without decompensation was remarkable chiefly in two respects, viz: (a) The pulse pressure was increased rather than diminished in the sitting and standing postures, being one-third greater in the latter position. (b) The vital capacity showed a greater relative increase than in any other subject studied. It should be stated, however, that two of our normal subjects showed increases closely approaching these values. WVhile it is true that they found a greater increase with change of posture in such patients with orthopnea, yet they found no increase above normal in such patients without orthopnea. Our subjects showed no diminution in vital capacity and no orthopnea.
The only other subject with a cardiac lesion in this series is J. J. F. who had mitral stenosis without signs of heart failure. He did not present findings similar to the above.
This series includes only one subject with exophthalmic goiter. He showed in the standing posture an increase in blood flow which was not nearly commensurate with the increase in metabolism. (The subject was so toxic that it is difficult to rely on the findings in his case.)
The short series of cases with myxedema presented the greatest variations from the normal. It is significant that the blood flow instead of being diminished on changing from the lying to the sitting or standing positions was increased. Although it is true that here we were dealing with very much smaller values as regards blood flow than in the normal subjects, yet the percentile differences were so consistently increased as to seem of some importance. The tensions of carbon dioxide in alveolar air were low. The unusually low values in J. W. were, no doubt, due to hyperventilation. The explanation of the other low values is difficult. Table 5 shows the average coefficient of utilization of oxygen in the three positions in the various types of subjects studied. It will be seen that there was a definite increase in the coefficient of utilization of oxygen in changes from the lying to the sitting and standing postures. The subjects with heart lesions, exophthalmic goiter and myxedema presented the highest values.
In figure 1 are shown graphically what happens to the various factors discussed as a result of posture, (a) in the average normal, and (b) in subjects with myxedema. If such a short series can be taken as presenting trustworthy evidence, there is seen to be a very striking difference in the subjects with myxedema.
